coming NCAM-positive by day 12.
showed that neural differentiation in ES cells was most sensitive to BMP4 cultured on gelatin ( Figure 1H , lane 2), indicating that PA6 cells produce soluble inducing factor(s). However, during days 3-5 of the induction period. This correlates well with the observation that mouse ES cells resemble PA6-conditioned medium could not elicit significant induction ( Figure 1H, lane 3 The molecular nature of SDIA remains to be identified. As SDIA is not detected in the conditioned medium (Figure 1H) , it may be necessary to identify the SDIA-producOur preliminary study has shown that none of the following treatments promoted neural differentiation of ES ing gene by functional expression screening. To further confirm the generation of dopaminergic neurons, we examined dopamine production in the induced neurons by using reverse phase HPLC. In response to a depolarizing stimulus (56 mM K ϩ ), ES cellderived neurons released a significant amount of dopamine into the medium (7.7 pmol/10 6 cells; the dopamine peak is shown as DA in Figure 4D ). Dopamine derivatives, 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA), were also detected (2.5 pmol and 4.0 pmol/10 6 cells, respectively). These data show that functional neurons producing dopamine were generated with this method.
Although Figure 4A ). This value was much higher than EDTA. In order to enrich for postmitotic neurons by eliminating mitotic cells, the SDIA-treated ES cells were those for GABAergic, cholinergic, and serotonergic neuron markers (43%, 28%, and 7%, respectively). To estitreated with mitomycin C (MMC) before grafting. The isolated ES cell colonies were then implanted mate the efficacy of dopaminergic neuron induction at the cell level, the numbers of TuJ-, nestin-, and THinto the mouse striatum, which had been treated with 6-hydroxydopamine (6-OHDA). 6-OHDA largely depleted positive cells were counted in randomly selected ES cell colonies on induction day 12. TuJ-positive neurons and dopaminergic neuron projections in the nigro-striatal system on the injected side ( Figures 5A and 5B ). Ipsilatnestin-postive cells represented 52% Ϯ 9% and 47% Ϯ 10% of total cells, respectively. TH neurons occupied eral implantation of SDIA-induced neurons significantly restored TH-positive areas in and around the DiI-positive 30% Ϯ 4% of TuJ-positive neurons (n ϭ 5050; i.e., 16% of total cells). This value is again significantly higher graft ( Figures 5C and 5D ). Control medium injection did not cause any changes in TH-positive regions (data not than percentages of GABAergic, cholinergic, and serotonergic neurons in TuJ-positive neurons (18% Ϯ 8%, shown). Confocal microscopy images of the graft are shown in Figures 5E and 5F. After implantation of 4 ϫ 9% Ϯ 5%, and 2% Ϯ 1%, respectively) at the cell level.
A time course study showed that TH-positive neurons 10 5 SDIA-treated ES cells, 3.9 Ϯ 0.6 ϫ 10 4 grafted cells (DiI; Figure 5E ) were found in the brain on day 15, and appeared between days 6-8 of the induction period, following the appearance of nestin and tubulin markers 74% of them were TuJ-positive neurons (data not shown). Among them, 1.3 Ϯ 0.1 ϫ 10 4 TH-positive neu-( Figure 4B ). These TH-positive neurons proved to be rons (green in Figure 5F ) were present. As the injected ES cell colonies initially contained 6 ϫ 10 4 TH-positive cells, the survival rate of TH-positive neurons was ‫%22ف‬ after these procedures. No teratoma formation was observed in the grafted tissue by histological analyses (n ϭ 5; data not shown).
Discussion
Neuronal Differentiation Induced by SDIA In this study, we have introduced a new method for generating neurons from ES cells by using PA6-derived SDIA. This method is technically simple, and the induction is efficient and speedy. The SDIA method does not involve EB formation or RA treatment, and each differentiating colony grows from a single ES cell in two dimensions under serum-free conditions. Because of these features, the SDIA method has advantages over the EB/RA methods when used for detailed analyses of differentiation, as exemplified by the role of BMP4 in this study (Figures 2 and 3) .
We found that mesencephalic dopaminergic neurons can be efficiently produced by our method. Recently, it was reported that dopaminergic neurons could be generated from neural precursor cells amplified from EBs (Lee et al., 2000) . In contrast to our single-step method, they used the following four steps for the production of dopaminergic neurons: (1) neurons in the SDIA system may be regulated somehow brates, the organizer is thought to play an important role in an intrinsic manner (e.g., the default status), although in the induction and patterning of the CNS (Sasai and further study is needed to address this question.
De Robertis, 1997). In mice, the primitive node is shown The SDIA-mediated in vitro differentiation method to be the organizer, and heterotopic graft of the node should provide a convenient experimental system for induces a secondary axis, including ectopic formation many aspects of neuroscience research, such as neural of neural tissues (Beddington, 1994). Interestingly, the development, cell biology, neuropharmacology, and CNS tissues can form in the mouse embryo even in the electrophysiology. 
